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ABSTRACT 

PURPOSE: To form a line pattern on a large area by measuring an error 
between the absolute position of a workpiece measured with an absolute 
position measuring means and a desired position, by adding to it a relative 
positional signal measured with a relative position measuring means, 
inputting the signal into a coarse movement means, and further inputting 
the error into a fine movement means. 



CONSTITUTION: A work 113, which comprises a fine movement means 114a and a 
coarse movement means 114b, is placed on a movement means 114 which is 
moveable in the X-Y direction. A control means 118 compares the absolute 
position of the workpiece 113 measured with an absolute position means 117 
to a desired position and generates an error signal. Further, a relative 
positional signal measured with a relative positional measuring means 116 
is added to it and imputed into the coarse movement means 114b. Also, the 
error signal is inputted into the fine movement means 114a. In this way, 
the fine movement means 114a and the coarse movement means 114b are 
subjected to cooperative positional control to form a line pattern on a 
large area. 
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(57) [£»] 

[Btt] B^lf-ABBBfifiDKj&SBSU *ffi« 
ft¥S 114b ££»Btfrhav»#K«£fcffiBft»l/ 

®z®LW)&Wi*m 1 1 4 a t ft*r*»»#a 1140 
MGMMMMti 1 4 atmiiii 1 3 &bbt % t 

si 14 tunr « c t tct o jbx« 1 1 3 ogmizm 
■^^->ftjBi-r*iiB!6«ic*v»T, summit 

114a \ZtttZ>®M&®^m 1 1 4 bOffi»W**tt 
*Bjrf*fci'bfc, c©Btt*jWfflUT»»#B©B 
B«©ffiB»»«fT&3-55r, *-h7*- *7.^gT 

HBtt*X#v hk'-A 1 0 CDBjAttB«BlcaiXtt 1 1 
3©BBfiBlc«»b, ££tcW£g:i l 4<D®W)m 
Bfcfc CTK- Aft "BOBBER 1 2 5K«fc»Jlf-Aft 
bJ^^B 1 0 7 £«B LTDDXtT-A 7 b (Dm*fflm? 
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®i&m^mt&mm\t'h$ ^wmmm\z&w&it) vnz 

fcinHfc*»«u inxif-A*MEiiDitt©»B±# 
<fcO!istLfca<e>. S5E;&nx£-A©&fi«B£u m 

->zisax?z>mm&wizi5^T. 

B£fin&n¥s£*ifr«fflEttft?»#£©fitfttfe 

BeiMMMUttMtK «k o THfcS nfcMEiOXB© 

B»ttB£»ra©ttB£©«B*»jeu ffiEBX£B 

Kft9&BB&KfMMklcA*iU SSfc 
MEB«*ME«»fHfc*B:lcAa-r**fcJ:-3T\ B 

aEinie-A©aji!iffifi**KBEiini*©BffittB 
KB«rr**©:i--h7*-***H:£. 
aE»»#B©»»B*fcf6;i;TMEinib:-A©aa 
*BBU SSKBlB^fcitfBlBTAlCJS&T 
BEBZ tf- A ©on/o f f ««p £ff o BBBB^ft t &B 
*.fc»£ft®<!:-rsfiiBgtt. 
[B*B2] HEaniK-A*»rJeoif-/»fffc«fl: 
3tt**fcJ:oT\ WEJPI*BB±K:»B/t*->* 

[B*B1] KEBOjfBSB. 

B8B. 

[£&©BB&Rm] 
[0 0 0 1] 

[*«±©?uffl#B] *»b«:, u— tff-A^m^t 
-AB©jtaxe-A*iqiftBffi±fcBWU tts©«l 

[0 0 0 2] 

[ft*©&ffi] f«#T/H^, iff/Hx, 

AttXry /*©tt*B#BBK:J: OH0X*«Bi±fcJSai? 
»*-r*tt>'5Jnx^n'fex*«-3T*D, BEBB/l 
* - >»« tt«^ t-AJSHggc«fc o xanxs n* © 

**-B8n?**. 
[0 0 0 3] 

x, tt^TAWx©fijac*^T, «B/t*->©»tf 



(2) ^fM¥8-2 0 3 8 1 0 

2 

S. ■ *«flMfcj&*iltI-#T. £Btt©l*U:ftB«fcUT 

•>x/N**o*an»fls39«afc*oo»D. *®B#oia5B 
*£BB^*->*aQiT**©ini8Bfc**-j-s=- 

xt>. «*ea«*-e**#a«. ^st^tt^TesiTt 

fcK BB^-^aaaofer^fc^B^BBrt* 
->Xy s?o DfldbTTBaSS C"T t H o fc£S 
**UTt»*», ¥#ft:xA''rx^mi 1 xA , 'fX©Sit 

20 Bfc**f*=-Xi&«»K 

[0 0 0 4] UfcfltoT. ^«»«6r;W7©i!l*« 
ittlfcon. ffilE¥3SttxAWX» twwxoia 

BBfc:*v»T\ *B«W»-3«BBftlPI»Bfc»-r«= 

[0 0 0 5] ft*. HiB^^->©»iacK«^t:-A 
»BSfiB«««^6nT*&*». ^E«^e-A}fHgB 
Ttt. ft^t-ASBlBjrs»t«fcDitSiBA^->&« 

^ B-r**tt*»B6nrv»4. ^©ft^tf-A©^^^ 

fflUfcBHSTtt, JtB7^-2PH«»B*fcmmftBB 
Tab ■5^, ftmmft&tt*.&£5ttl£MGB£Wr5 
KKtt, BEBB7 <f -)V HBCBXttftlSB U^»M 
#&£#S>$1*\ BE»B7.f-^Fm©o&tf£tott 
*ffoT^*. C©*. i(E»B7-f-;PHM©t3*€f 

[0 0 0 6] Sfc. B^hf-ABBBBTtt, «§B7^ 
-;H*jWE<&D. B J fK-A©Blftft*»**<ftoT 
50 <*i:jDX%gffifIlW$n^«^e-A©H-Ag*t 
BBTfctt^BBlcBiM-**. J£V>BB©JIB£&:« 
S. BBrt*->©»«jWJra©«lc»bT*<&*t 
V»5BB*»»*. 

[0 0 0 7] 3 51:, *^t*-AifBgfiT«tt^e- 
A£ft5&, BB/t*->10XB©BB*SBa!ib& 
ttntffc&r. X£&B«©ft*K*tf£K&tt«. Z 
ti\zi. 0 Bfij9t*aft-r* t Ho fcWB**»4-f* 

*Bfc ft* fr» o fc^«^J&«* o fc. 
40 [0 0 0 8] *BBf4, ±BfE*©BBj«fca*. 

hf-A«B8B©*a*»SU *ffl«(Ci«)RS©«IB 

^^->*»Bb»*»BBB*aflrr-6J:t*B»t 

[0 0 0 9] 

BJ©»^«, BttB»*«v»]eiifg[Bft«ttB©BV»fitt 
BB^R&BBJIiS<hdV»«f||MBIc4Mft«UB«« 
»B»*Btft*T*BB^B©5-6BB»»*ftca 
xtj^^«L. initr-ASBEftix*©BB±*«ko 

50 B»U**»6, BElPIK-AOttBttBJSU. BE» 



3 

S-frSVlcioT. BEiDlft©*BJ:fcBH/**-> 

sftii-r^aiasHicij^T. tijEiDx&wBjfc&ffi:: 

&£iffl£?-s&©ffi#<£e8ii£^ai:. mett#ttiiii 

©ttat ©««*»« u ffiEKg£M£B#&Bft£ 
*aicj:oTa«bfc*»ttBB**iiii*.£fcii-. 
**BBB»B»#BKAau seicttef»«ttE 

wrz&nmm^&t, taEinxfc*-A©j&£&B£# 

fcBBiDIft©«BttfilC«»"r**©*- h 7 *-* 

-A©3lg?£isi8U 3&icfflxBttjM3J:tfft:c*-7 

A ICJS U TBEBI t*- A ©on/o f f fHlfil £fr 5 

[ooio] W83jpxtr-A&sf«©tr-Ag 

lc*ftS-a-5*CJ:-3T. BEBXBBffi±K:BB/t* 

- ><&ma©aiiSTjDx-r s H-Agpi^s«^{i^fc 
atf*. 

[0 0 11] 
[fMJ] 

(1) *»i»C*»ta»iSK«Ttt. Jnxtf-A©{4 
B€H^HnX«£*«bfc»»¥a€»»**-5*H 

«t o TmEipi«©affi± KBH/t* - > ^unx-r s. 
[0012] (2) *%w\z&vz>mmmw?te. m 

^Sffi»l^»*aiCA* U S 6 fcWEMM^ 
¥8CA*t5*l:±9T. B»¥R*:*B»**0» 
BBfcBBI-*. 

[0013] (3) *&Hc&t*£BB£B& me 
ini«cj»wsn*jnxif-A©jiij«ttB*ittElini« 
©*iBffi«tit»-r*»«)*-h7*-*x#a*fliA 

T*5 0, »I*«B©'5fcD*IHft¥R©*B«&£fc 

[0014] (4) *%w\z£zm®mmt, mmt 
n^ft*«AWE»»^a©»»a*fr«i;Tionf- 
A©3a«£aBT£. 

[0 0 15] (5) #»!JIUC;fett*«BBBTtt. K 
-Afti&«BB«a*.ME;!iniB«BK:»B;SnsaH 
/^->©B«fta«©*SK:«BT**. 

[0 0 16] (6) *BWK:*»**»BBfiTtt. UP 

xmytmt vxu— $ s«8t«. 

[0 0 17] 

[£KB] #T*BB©**BSBBfc*:*#l$Bfctt 



(3) WB¥8-2 0 3 8 1 0 
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[0 0 18] ill! *BH©£BttlrBSftB£B$ 
2110 1 (He-CdW-if [A = 4 4 1. 6 nm] ) 

#etti»L£inxe-A i tt«*.tf*wfc***©j:3 

fc3£&gBl§ 1 0 2 £ai§LTJni£-A 2 ££4 J: 5 

kbblt**. unxt*-A2fi» e-A-y->7'7 1 0 

3 TSigtf-A 3 fcfiB fcf-A 4 © 2 *0£-AlC#tt 

an. BEaatr-A 3 » 1 / 2 ksis 1 0 6 t^©<§ 

3Mfo5rl*W««3ttK-Aa:/U 1 0 9 ©BifiBXM^r 

jo tot^a-r-siSKBBsn, iraxe-A7<!:fc*<fc5 

fcBBUT**. SnXtf-A7«5 7-l 0 8t?04>Z 
MT:£'\fitfSnjnxe-A8£fc9. -e©BB3tttf- 
AXyj-y^l0 9. l/4Bft«l 1 0&BBU. 1 
/4MS1 1 OT-t©IPBlC«fcOBB«3t*>6nffl3t 

9»4. fttfavyxi 1 1 om&ffim : 3. 6 mm, b 

□ : 0. 8, ft* : 5 0B) TlBXBl 1 3©BB±lC 

^tsn. Mf-Ai o*&mz&$\zm 

a? [0019] mxBi 1 3 a. BAtf7^9=-3.x-^c 
*&BrtBBfct>5?»flaSfflir»fc«B» 
K#ai 14 at, 9iX.tiT9 ! ?3.X-jnz.DC : £-jr 
*. *&«ASBK£#9ftBfr>fcaiHMtt¥ai 14 
bfc*»6B0, B+X-YartfcWMBfclMft*ltl 
1 4±CB«SnTV»5. £©BB*ai 1 4#X-Y 
Brt*BIW4BK.koT, BIB1 1 3fc«*XBy 

Mf-Ai ot©wtffi»«aBfi*afei;. unxtji 1 
3 ©«B±fc*M/^->&»B**«fc o \zmm,x% 

30 [0 0 2 0] flnXtJ 1 1 3 ©IfiWffifitt. BX» 1 1 3 

1 1 5%mmtVX, B*tfU-tffflgB©«fc5&«6** 
ttBMB^Bl 1 7l;±oT, fljgt-Al 1*«UX 
BRtf YBrofclteEflfcfco tr»T««*fcMjrr* <fc 5 \Z 

m&Lx&Zo titzmmzwmm^WLi 1 4 a©a» 

^Ifgl l 4 bfc*fT*«*fBtt*. B*.tfBB£B 
fflBtttf-©»#B»ttBW)6*ai 1 efcioTWJTj- 

[0 0 2 1] ttea&4HM£¥Rl 1 7fc.k-3T»« 

40 $ ntzmttfowis^ 1 2 RtxwEffi^&aans^ a 1 1 
6\z£ixmfe2ntzmK&winm 3tt«»^ai 1 

[0 0 2 2] 0 2 140 1 JfBSB© 5 "6 ©1WB# 
ai l 8Rt;-f-©MB«5i>*«itaUT»f ^ay^BB 

[0 0 2 3] WBC«"r«t5C, BB^Rl 1 8Ttt, 

s-rm^m^m^^ai 1 8a*^©m^m^2 s^m 

EBWffifiB* 1 2 t « JtK U^Sft^ 2 6 Sr^^T 
*. BE*»ttBB*l 3ttBAtf»#«fflJ:'5 

50 1 8d(cA»sn. ^TfWBBgw* 



(4) 



4#Kl¥8-20 3 8 1 0 



m^2 7#£j£$ns. msxma^2stimmwn 

2 8 tfc 0 Kfililffi^^^ 2 8 tt«*tf ifcfl • 8l# • 

f&z&mmw^mi i 8 c cAAsnt 
&ati«Pii4» 1 5 tLTWBaa»»»*a 1 1 4 b 
icm^^n^o miB^m^2 6n. «sj^.«jtw 
• m# • 1 1 8 bicx* 

snm flutftdVPA^ 1 4thTm)&®^m 1 1 4 

[0 0 2 4] ±fcbifcH«K«fcoTffflE«l»»¥Rl 10 
1 4 a tWIBfild^Si^a 1 1 4bOfii*«W«» 

t. S9ie«»^si^a ii4a <hmtBa»i#ft^a 1 1 
4 b©ffli@w^&«w*Mtet^D. &®^mi 1 4 

[0 0 2 5] l/T, flt*X#y Mf-A 1 0 ijDX 
«1 1 3 t©tt»Wft»»>WK^«HT&*J&oKIII* 

5»«i<jS0I*l 1 3©«iBK:K«WEft«W^3r->* 
[0 0 2 6] <t-h7*-*X?i>03IJSIll;S ^ 

Tffiggg©5^©*-h7 ; *-#x^aRi/^©iii» 

[0 0 2 7] HHK:*-r«t5C. «*X#yHf-Al 
OfiSDXifel 1 3©*WlC«BJtSnfc«, ■€■©-«*»» 
I«l 1 3©3cffiTMjt£ft. gfffl£ttt'-Al 6 54 

«Tl/>Xlll. 1/4S&K1 1 0£3iIU 1/4 

»fi«i i 0©fPfflcj:oTnfli*©ttMi*6. Jnitf 
a*±3fc«j«i/T*«. num^hr-Ai 7\tm%v 30 

-AX7*'Jy*l 0 9KAS*U a«Mt-A170 

(Ia+Ic) - (Ib-ld) 



t-Al 7tt(15tlf-AX^Uy^l 0 9T£TESt<* 
ftKMli-A 1 8 tfts. 
[0 0 2 8] Slttf-A 1 8te. «*tf#£«3BK¥* 
*«riE-r*fiiU>Xl 19 a, Pmu>Xl 1 9 b£ii 

ia-r-sv^ioTe-Ai 9^u tr-Ai9tt-e 

©&4#f!j7;j- hf^ri' * 1 2 0ICAWr*«k3K:« 
J&bTfc£o C©IS*WE4»ll7* hf-fr^i' 1 2 
0©*3t«iS*»63tt«iKm^2 0a, 2 0b, 2 0c, 

2 odatm^sns. 

[0 0 2 9] H4tt. H3©IMB4#«7*hx*x* 
* 1 2 0 © A - AgrBKfcttS tf-A 1 9 ©8rffiJBtt£ 

[0 0 3 0] H3K*-rj:5C. K-A19U. mC4 

#i<j7* hf-ff^i 2 o <Dftnm±\z#^x. tt®> 
u>Xi i i fcftmfti i 3*ffii©«»*ffiLic±o 

«fc o h'\^^tiT\z\*zwj3fa\z&mzG-rz>mtii?iW(W 
[0031] c©»tt««ffl-ra*, S3iH)t«^ffi^2 

0 a, 2 0 b, 2 0 c, 2 0 d ««K-«EEXaT-59 
fc«fcoT3*«fi^I a, lb, Ic, Id€#, Bi&a 

flr*k:»uT*sc (i) ©****■*-£. ^©mg^s 

Tfc S h 7 * 7{t^ F ttffiEffittXtt L t*f u 
13 5 fc*r«fc 5 fc S *»tt©tt« t ft*. 
[0 0 3 2] 

Bfcl] 



F = 



I a+ I c + I b - I d 
[0 0 3 3] H5*&. K^-h7*-*7.fi^Fttffl 

[0 0 3 4] ftfltJFHK 1 2 1 fcfc^T 

i«B*-h7*-*xfln»F*wrr*t*fc, me* 

-h7*-#X^F£S*p{I^?g£3Sl 2 3*»6©S 40 

?pe^2 1 tit«-r*»Tj»j«rn*2 9s*», mi 
«^-rn«2 9 5iiinsi 2 2*^UT^*i^>x««i 

fRl 1 2\ZAJ]-rzm~CM®l'>Xl 1 1*H31»Z 

[0 0 3 5] 06 ttttEJljiOTlSttFlelB 1 2 1 ©»iffl 

BKl 2 ltt. «SK-«fiEXai9Kl 2 1 a~l 2 1 
d. K&JngllSS 1 2 1 e. 1 2 1 f , 

i2ig, 1 2 1 hsfrSHwasn-r^*. 50 



( I ) 



[0 0 3 6] i»E*-h7*-*Xfll^Ftt, ifEttSiE 
-«ffi^miH?S 1 2 1 a~ 1 2 1 d K*V»TME#*« 
l§2 0a, 2 0 b, 2 0c, 2 0 d £lKrE3ilgft^- 
I a, - lb, - I c, - 1 dfc3Mrt-«. ttE&&& 
ffi^liWESifEJnSllSS 1 2 1 e, 1 2 1 f l;A*5 
ft. £ £ Tfllll? fit I a + I b2fc£/ I c + I d tfi&Mci 
ft*. S^{cfflESngm^i a + I bJktfl c + idli 
IB3>Al'-^-l 2 1 gKA*3ft. CUTWE^ 
-h7t-*XlfF«I3n5. ^-©^, WE^-- 
h7*-#*tt*FttWE3>/tl/-*-l 2 1 hCA 
^J$ft, i^T*»«*tfl*#ai 2 3*6©ai*flH» 

2 1 tjt«*ft**K«t-3T^rn«2 9*ttn^$n 

[0 0 3 7] ±aSl,fc;i--h7*-**#R©*MW» 

5. mi«i 1 3*»6©aa©5fcD, ^ft^ai 1 4 



(5) 



8-203810 
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an. hk-A i ov>m&&9i>mzisax®i 

[oo38] <&m&m^ m>m i \m i ic^-tjshs 
[0039] BBcs-riSK. taxmytui o i^e, 

HUtbfcJPIK-Altt. «*tf««t¥* : F©.fc3ft 
&&&H231 0 2(CA*$n. jS0Ilf-A2*»5«t5 
CIlSLTa&S. RJOIlf-A2J4. K-Atf>79- 
10 3KiV>T, »aif-A3tK»tf-A4IC»«E3 
n*J&*. Sltt-A4«7* hf^f^i' 1 0 4trAlt 

T-SitfetC. »3t««flH»5tt3 0 5 

a\zw9&$.n, cct, ^sjt^ta^^ai 2 4*^e, 

©»*«*2 4£iW^6J:3K:*M&l/r(fcS. *©» 

*#6nfc«^ttii«» i o 5 b-tfMMree lea** 
n&ft. ttftsnm o 2CA*an*. 
[0040] cnc«fcD, si&snug i o 2 trine* 
mmmn 5 twBXitvm 2 4 tawcst, < ft* ± 5 

stoeufciDiK-A 2 «ta*-r«. 

[0 0 4 1] ft*, »<fr«*2 4tt. ^Sm^til^^g!; 

[0042] c©&. #»^ai 1 4ca**»jj»±c 
■r**. inn:*i 1 3©^H{iSAansx^;^-«> 

A f_ I 
W 



>*anifs*««?riBCft<&. 
[0043] ±sEbfc50BBn#aT«u *m/* 

/WFfeffltPT#S«fc3Kft:3T^4. 
[0 0 44] H 8 «*^K©ffi©HSI#illI^-5lf fflgg 
* *-T f n y * BT&5. *$%0!tt:H 1 JcsrsfeKW 

[0 0 4 5] *3lS60iJ«. HlK*bfc»H8«lClf- 
AI nj^gfi 1 0 7 Rtf tf-AgBj£®H9^a 125S 
iIinbfcfc©T<&9> Jnik*-A7 ajWRtf-Aftisr* 
SB1 0 7 K-A«*Wfc«IPl,TK 
H-AgpJ^gttl 0 liH*>WlS%ht.%\Z. *©« 
U0If-A7 b$57-l 0 8fc«fcoTH«t»ZirF3SrlC 
fttfTjDXt*-A8iU, aStCilftt-AXX'J 
1 0 9&tf l/4fcB£l 1 0£ffij&LTR<Ift£-A 
9tT*±5Kl«l«tT**. H«#lf-A 9 
a? >X 1 1 1 AtfrsVTft*:**? h k*-A 1 0 
*UHni*l 1 3©*ffi{CfiSW$n4*«, 
h t-A 1 0 <7)maxm 1 1 3 ©«Bff±K*»*« fcf-A 
g£wo Rf-Agwo tMEiinihf-A7 

b©e-AgWt©ffi{C^iC (2) KSTBflWraSrt" 
4. 

[0 0 4 6] 

Dk2] 



Wo = 



(2) 



f :*tftU>X©j£..6E*t 



[0 0 4 7] l/fc#oT, ttGtt-ASTOHttl 0 7 
ld«toTJnXtf-A 7 b©bf— AffW€*ftS-&5*fc 
«k^TtfME*/hX#y h k'-A 1 0 Ok'-ASw. £^ 
fcatt-5**n»ttBift*. 

[0 0 4 8] CIJIT, H9fcSt5V»TiWElf-AgW* 
£ffl 0 7©l¥iffi)^lttBJ-r4. HHC*-r«t5lC. 
-AgpJ^ggl 0 711 flfctf. 
XfyK^yt-^^OlBft 1 0 7 d t, WAtfX 
>3-^©J:5ftl3(E«!tttH^a!l 0 7 i £, 

hfcmmm<D£ o um®fcm^& 1 o 7 c t u 
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[Abstract ] 
[Object] 

To provide a drawing apparatus capable of removing 
defects of an electron-beam drawing apparatus and 
forming a high-accuracy line pattern on a large area. 
[ Constitution ] 

In the case of a drawing apparatus for forming a 
line pattern on the surface of a workpiece 113 by 
mounting the workpiece 113 on fine moving means 114a of 
moving means 114 having coarse moving means 114b having 
a large moving distance but a low positioning accuracy 
and fine moving means 114a having a small moving 
distance but capable of performing high- accuracy 
positioning, fixing the position of a micro- spot beam 
10, and moving the moving means 114, a relative 
displacement of the fine moving means 114b to the 
coarse moving means 114a is measured, high-accuracy 
positioning of the moving means is performed by using 
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the displacement while the focus position of the micro- 
spot beam 10 is kept at the surface position of the 
workpiece 113 by moving an objective lens 111 in Z 
direction by autofocus means and the diameter of a 
forming beam 7b is adjusted by controlling a beam- 
diameter varying apparatus 107 by beam- diameter varying 
means 125 in accordance with the moving speed of the 
moving means 114. 
[Claims] 

[Claim 1] A drawing apparatus for forming a line 
pattern on the surface of a workpiece by mounting the 
workpiece on fine moving means of moving means 
including coarse moving means having a large moving 
distance but a low positioning accuracy and the fine 
moving means having a small moving distance but capable 
of performing high-accuracy positioning, fixing the 
position of a forming beam while applying the forming 
beam from the above of the surface of the workpiece, 
and moving the moving means in a plane forming a normal 
line with the optical axis of the forming beam, the 
drawing apparatus comprising: 

absolute position measuring means for measuring an 
absolute position to a fixed position of the workpiece; 

relative position measuring means for measuring a 
relative displacement of the fine moving means to the 
coarse moving means; 
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control means for controlling the moving means by 
measuring an error between the absolute position of the 
workpiece measured by the absolute position measuring 
means and a desired position, adding the error and a 
relative position signal measured by the relative 
position measuring means, inputting the signal to the 
coarse moving means, and inputting the error to the 
fine moving means ; 

autofocus means for keeping the focus position of 
the forming beam at the surface position of the 
workpiece ; and 

intensity modulating means for adjusting the 
intensity of the forming beam in accordance with the 
moving speed of the moving means and moreover 
performing on/off control of the forming beam in 
accordance with a formation start point and formation 
end point. 

[Claim 2] The drawing apparatus according to 
claim 1, characterized in that a beam-diameter varying 
apparatus is included which forms a line pattern at a 
desired line width on the surface of the workpiece by 
changing the forming beam to a predetermined beam 
diameter. 

[Claim 3] The drawing apparatus according to 
claim 1 or claim 2, characterized in that 

a laser is used as a forming light source. 
[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] 

The present invention relates to a drawing 
apparatus for forming an optional line pattern by 
applying a forming beam such as a laser beam or 
electron beam to the surface of a workpiece, and 
particularly relates to a forming apparatus for drawing 
a line pattern in which straight lines and curved lines 
are combined over a wide range at a high accuracy and 
smoothly. 
[0002] 
[Prior Art] 

When fabricating various devices such as a 
semiconductor device, electronic device, and optical 
device, a forming process of projecting a line pattern 
shape formed into a mask or reticle onto the surface of 
a workpiece by an exposure apparatus such as a stepper 
has been used so far and the line patter shape is 
generally formed by an electron-beam drawing apparatus. 
[0003] 

[Problems to be Solved by the Invention] 

In the case of fabrication of a semiconductor 
device and electronic device, a line pattern is changed 
to a high density and high accuracy while the area of a 
wafer substrate is increased in order to improve the 
productivity and the needs for a forming apparatus for 
forming a large-area high-accuracy line pattern are 



- 4 - 



JPA08-203810 



raised. Moreover, in the case of fabrication of an 
optical device, light serving as a signal transmission 
medium has a property of causing dispersion by a slight 
mismatching of a line-pattern connecting portion which 
cannot be transmitted due to a sudden curvature or a 
slight irregularity of a line pattern edge. Therefore, 
the needs for an apparatus for forming a line pattern 
in a large area at a high accuracy are high similarly 
to the case of fabrication of a semiconductor device 
and electronic device. 
[0004] 

Therefore, as development of a high- function 
device is progressed in future, the needs for a large- 
area high- accuracy forming apparatus will be further 
increased in fabrication of a mask or reticle 
indispensable for fabrication of the above 
semiconductor device or electronic device or 
fabrication of an optical device whose practical use 
will be accelerated in future. 
[0005] 

An electron-beam drawing apparatus has been used 
so far to draw a line pattern. However, the 
electronic-beam drawing apparatus uses a method for 
drawing a line pattern by deflecting an electronic beam. 
In the case of the drawing method using the deflection 
of an electronic beam, because a drawing field is a 
several-millimeter square at most, moving means 
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mounting a workpiece is moved for every drawing field 
to connect drawing fields in order to draw in a range 
exceeding a several millimeter square. Therefore, 
there is a problem that imperfect connection easily 
occurs in connecting drawing fields. 
[0006] 

Moreover, in the case of the electron -beam drawing 
apparatus, when a drawing field is widened and a 
deflection angle of an electron beam increases, the 
beam diameter of an electron beam to be applied to a 
workpiece is deformed so that the deformation cannot be 
ignored. Therefore, there is a problem that as drawing 
requires a larger range, the line width of a line 
pattern becomes larger than a desired width. 
[0007] 

Moreover, because the electron-beam drawing 
apparatus handles an electron beam, it is necessary to 
set the atmosphere for forming a line pattern to a 
vacuum state and therefore, an auxiliary facility such 
as a vacuum system is necessary. Thereby, problems 
occur that an apparatus is increased in size, the 
maintenance cost increases, and the price of the 
apparatus body increases . 
[0008] 

It is an object of the present invention to 
provide a drawing apparatus capable of forming a high- 
accuracy line pattern in a large area by removing 
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disadvantages of an electron drawing apparatus in view 

of the above conventional problems • 

[0009] 

[Means for Solving the Problems] 

A configuration of the present invention for 
achieving the above object by using a drawing apparatus 
for forming a line pattern on the surface of a 
workpiece is characterized by mounting the workpiece on 
fine moving means of moving means? including coarse 
moving means having a large moving distance but a low 
positioning accuracy and the fine moving means having a 
small moving distance but capable of performing 
positioning at a high accuracy, fixing the position of 
a forming beam while applying the forming beam from the 
upper portion on the surface of the workpiece, and 
moving the forming beam in a plane forming a normal 
line with the optical axis of the forming beam, in 
which the following means are included: absolute 
position measuring means for measuring an absolute 
position to the fixed position of the workpiece, 
relative position measuring means for measuring a 
relative displacement of the fine moving means from the 
coarse moving means, control means for measuring an 
error between the absolute position of the workpiece 
measured by the absolute position measuring means and a 
desired position, adding the error and a relative 
position signal measured by the relative position 
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measuring means, inputting the signal to the coarse 
moving means and moreover inputting the error to fine 
moving means , and thereby controlling the moving means , 
autofocus means for keeping the focus position of the 
forming beam on the surface position of the workpiece, 
and intensity modulating means for adjusting the 
intensity of the forming beam in accordance with the 
moving speed of the moving means and performing on/off 
control of the forming beam in accordance with a 
formation start point and forming end point. 
[0010] 

Moreover, a configuration of the present invention 
is characterized by including a beam diameter varying 
apparatus for changing the forming beam to a 
predetermined beam diameter and thereby, forming a line 
pattern on the surface of the workpiece at a desired 
line width* 
[0011] 
[Operation] 

(1) A drawing apparatus of the present invention 
forms a line pattern on the surface of a workpiece by 
moving moving means fixing the position of a forming 
beam and mounting the workpiece. 

[0012] 

(2) A drawing apparatus of the present invention 
measures an error between the absolute position of a 
workpiece measured by absolute position measuring means 
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and a desired position, adds the error and a relative 
position signal measured by relative position measuring 
means, inputs the signal to coarse moving means and 
moreover inputting the error to the fine moving means, 
and thereby controls moving means at a large moving 
distance and high accuracy. 
[0013] 

(3) A drawing apparatus of the present invention 
includes autofocus means for keeping the focus position 
of a forming beam to be applied to the workpiece at the 
surface position of the workpiece to correct a focus 
shift due to the waviness of the workpiece or vacuum 
degree of moving means . 

[0014] 

(4) A drawing apparatus of the present invention 
has intensity modulating means to adjust the intensity 
of a forming beam in accordance with the moving speed 
of the moving means . 

[0015] 

(5) A drawing apparatus of the present invention 
has a beam diameter varying apparatus to be able to 
control the line width of a line pattern drawn on the 
surface of the workpiece to a predetermined thickness. 
[0016] 

. (6) A drawing apparatus of the present invention 
uses a laser as a forming light source. 
[0017] 



- 9 - 



JPA08-203810 



[Embodiments ] 

Embodiments of the present invention are described 
below in detail by referring to the accompanying 
drawings . 
[0018] 

Figure 1 is a block diagram showing a drawing 
apparatus of an embodiment of the present invention. 
As shown in Figure 1, a forming beam 1 emitted from a 
forming light source 101 (He-Cd laser [A=441.6 nm] ) is 
constituted so as to pass through an intensity 
modulator 102 such as an acousto-optic device and 
become a forming beam 2 . The forming beam 2 is 
branched to two beams such as a transmission beam 3 and 
a reflection beam 4 by a beam sampler 103 and the 
transmission beam 3 is adjusted by a 1/2 wavelength 
plate 106 so that the polarization axis direction 
coincides with the transmission polarization axis 
direction of a polarized beam splitter 109 and 
constituted so as to become a forming beam 7 . The 
forming beam 7 is constituted so that it is bent to the 
lower direction of Z axis in Figure 1 by a mirror 108 
to become a forming beam 8 and then, passes through the 
polarized beam splitter 109 and a 1/4 wavelength plate 
110, and is converted from a linear polarization beam 
into a circular polarization beam 9 by the function of 
the 1/4 wavelength plate 110. The circular 
polarization beam 9 is constituted so that it is 
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focused on the surface of the workpiece 113 by an 
objective lens 111 (focal distance : 3 . 61 mm, opening: 0.8, 
magnification: 50 times) to form a micro- spot beam 10. 
[0019] 

The workpiece 113 is constituted of fine moving 
means 114a using a piezoelectric device for an actuator 
and a hinge spring for a guide factor and coarse moving 
means 114b using a DC motor for an actuator and a 
wintle for a guide factor and mounted on the moving 
means 114 movable in X-Y direction in Figure 1. When 
the moving means 114 moves in the X-Y plane, a relative 
displacement occurs between the workpiece 113 and the 
micro- spot beam 10 to draw a line pattern on the 
surface of the workpiece 113. 
[0020] 

The absolute position of the workpiece 113 is 
accurately measured in X-axis and Y-axis directions 
through a measuring beam 11 by absolute position 
measuring means 117 such as a laser length measuring 
machine on the basis of a reference mirror 115 mounted 
on the moving means 114 together with the workpiece 113. 
At the same time, a relative displacement of the fine 
moving means 114a to the coarse moving means 114b is 
measured by relative position measuring means 116 such 
as an electrostatic displacement gauge. 
[0021] 
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An absolute position signal 12 measured by the 
absolute position measuring means 117 and a relative 
position signal 13 measured by the relative position 
measuring means 116 are input to control means 118. 
[0022] 

Figure 2 is a block diagram showing control means 
118 and its relevant portion of the drawing apparatus 
shown in Figure 1 by extracting them. 
[0023] 

As shown in Figure 2, the control means 118 
generates an error signal 2 6 by comparing an 
instruction signal 25 from instruction signal output 
means 118a with the absolute position signal 12. The 
relative position signal 13 is input to a control 
operation portion 118d such as an integrator and a 
control operation output signal 27 is generated here. 
The error signal 26 and the control operation output 
signal 27 are added by an adder to become a coarse 
movement instruction signal 28 and the coarse movement 
instruction signal 28 is input to coarse movement 
control means 118c constituted of proportion, 
integration, and differentiation factors and then, 
output to the coarse moving means 114b as a coarse 
movement control signal 15. Moreover, the error signal 
26 is input to fine movement control means 118b 
constituted of proportion, integration, and 
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differentiation factors and then, output to the fine 
moving means 114a as a fine movement control signal 14. 
[0024] 

By controlling positions of the fine moving means 
114a and coarse moving means 114b by the above- 
described configuration, cooperative position control 
of the fine moving means 114a and coarse moving means 
114b can be made and it is possible to move the moving 
means 114 at a large moving distance and a high 
accuracy . 
[0025] 

Thus, because it is possible to realize relative 
movement between the micro -spot beam 10 and the 
workpiece 113 in a wide range at a high accuracy, a 
high- accuracy line pattern is drawn on the surface of 
the workpiece 113 without connecting drawing fields. 
[0026] 

<Autofocus means > 

Figure 3 is a block diagram showing autofocus 
means and its relevant portions of the drawing 
apparatus shown in Figure 1 by extracting them. 
[0027] 

As shown in Figure 3, the micro-spot beam 10 is 
applied to the surface of the workpiece 113 and then, a 
part of the beam 10 is reflected from the surface of 
the workpiece 113 to generate a surface reflection beam 
16 and the surface reflection beam 16 heads for the 
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upper portion of Z axis in Figure 3, passes through the 
objective lens 111, 1/4 wavelength plate 110, and 
becomes linear polarization beam 17 whose polarization 
axis direction is orthogonal to that of the forming 
beam 8 from a circular polarization state by the 
function of the 1/4 wavelength plate 110. The linear 
polarized beam 17 enters the polarized beam splitter 
109 so that the polarization axis direction of the 
linear polarization beam 17 coincides with the 
reflection polarization axis direction of the polarized 
beam splitter 109. As a result, the linear 
polarization beam 17 is totally reflected from the 
polarized beam splitter 109 to become a reflection beam 
18. 

[0028] 

The reflection beam 18 generates a beam 19 by 
passing through a convex lens 119a and cylindrical lens 
119b constituting, for example, an astigmatism optical 
system and then, the beam 19 enters a tetrameric 
photodetector 120. As a result, photoelectric current 
signals 20a, 20b, 20c, and 20d are output from 
photoelectric faces of the tetrameric photodetector 120. 
[0029] 

Figure 4 is an illustration conceptually showing a 
sectional shape of the beam 19 at the A-A cross section 
of the tetrameric photodetector 120 of Figure 3. 
[0030] 
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As shown in Figure 3, the sectional shape of the 
beam 19 is changed due to a relative displacement L 
between the objective lens 111 and the surface of the 
workpiece 113 on the photoelectric face of the 
tetrameric photodetector 120. That is, as shown in 
Figure 4 , when the relative displacement L is equal to 
the focal distance 1 of the objective lens 111, the 
sectional shape of the beam 19 becomes a circular cross 
section but when the relative displacement L is larger 
than the focal distance 1 , the sectional shape becomes 
a horizontal elliptic sectional shape having a major 
axis in Y-axis direction. Moreover, when the relative 
displacement L is smaller than the focal distance 1 , 
the sectional shape becomes a vertical elliptic 
sectional shape having a major axis in Z-axis direction. 
[0031] 

Because the above characteristics are used, 
intensity signals la, lb, Ic, and Id are obtained by- 
current -voltage -converting the photoelectric current 
signals 20a, 20b, 20c, and 20d. When applying the 
operation of the following expression (1) to the 
intensity signals, an autofocus signal F which is a 
result of the operation becomes an S-shaped curved line 
shown in Figure 5 for the relative displacement L. 
[0032] 

[Numerical Expression 1] 

F = {(Ia+Ic)-(Ib-Id)}/(Ia+Ic+Ib-Id) ...(1) 
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[0033] 

From Figure 5, it is found that the autofocus 
signal F has a characteristic that it becomes 0 when 
the relative displacement L is equal to the focal 
distance I . 
[0034] 

Therefore, a focus-shift computing circuit 121 
computes the autofocus signal F, obtains a focus shift 
value 29 by comparing the autofocus signal F with a 
reference signal 21 supplied from a reference signal 
generator 123, and performs control so that the 
relative displacement L becomes always equal to the 
focal distance 1 by inputting the focus shift value 29 
to objective lens driving means 112 through an 
amplifier 122 and thereby moving the objective lens 111 
in the Z-axis direction in Figure 3. 
[0035] 

Figure 6 is a circuit diagram showing details of 
the focus-shift computing circuit 121. As shown in 
Figure 6, the focus-shift computing circuit 121 is 
constituted of current -voltage conversion circuits 121a 
to 121d, inversion addition circuits 121e and 121f , and 
comparators 121g and 121h. 
[0036] 

The autofocus signal F converts the photoelectric 
current signals 20a, 20b, 20c, and 20d into the 
intensity signals -la, -lb, -Ic, and -Id by the 
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current -voltage conversion circuits 121a to 121d. The 
intensity signals are input to the inversion addition 
circuits 121e and 121f in which additional signals 
Ia+Ib and Ic+Id are computed. Further, the additional 
signals Ia+Ib and Ic+Id are input to the comparator 
121g in which the autofocus signal F is computed. 
Thereafter, the autofocus signal F is input to the 
comparator 121h in which the signal F is compared with 
the reference signal 21 supplied from reference 
instruction output means 123 and thereby, the focus 
shift value 29 is output. 
[0037] 

The fluctuation of the relative displacement L due 
to waviness of the surface from the workpiece 113 and a 
straightness error of the moving means 114 is removed 
from the configuration of the autofocus means and the 
focus position of the micro-spot beam 10 is always kept 
at the surface position of the workpiece 113. 
Therefore, a line width of a line pattern is kept 
constant . 
[0038] 

< Intensity modulating means > 

Figure 7 is a block diagram showing intensity 
modulating means and its relevant portions of the 
drawing apparatus shown in Figure 1 by extracting them. 
[0039] 
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As shown in Figure 7 , a forming beam 1 emitted 
from the forming light source 101 is input to the 
intensity modulator 102 such as an acousto-optic device 
so as to obtain the forming beam 2 . The forming beam 2 
is branched into the transmission beam 3 and reflection 
beam 4 in the beam sampler 103. The reflection beam 4 
enters the photodetector 104 to generate a 
photoelectric current signal 5 corresponding to the 
intensity of the reflection beam 4 and the 
photoelectric current signal 5 is captured by a 
comparator 105a in which the signal 5 is compared with 
an instruction signal 24 supplied from intensity 
instruction output means 124. A signal obtained as a 
result of the comparison is amplified to an 
amplification signal 6 by an amplifier 105b and then 
input to the intensity modulator 102. 
[0040] 

Thereby, the intensity modulator 102 feed-back- 
controls the intensity of the forming beam 1 so that 
the photoelectric current signal 5 becomes always equal 
to the instruction signal 24 and outputs the forming 
beam 2 having a stable intensity. 
[0041] 

The instruction signal 24 is calculated in 
accordance with a speed signal obtained through 
computation from the absolute position signal 12 in the 
intensity instruction output means 124. 
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[0042] 

Therefore, even if speed fluctuation occurs in the 
moving means 114, the instruction signal 24 is changed 
correspondingly to the speed fluctuation. Therefore, 
the energy to be input to the surface of the workpiece 
113 is kept always constant and a line pattern having a 
constant line width can be formed. 
[0043] 

Moreover, the intensity modulating means can also 
control on/off of a forming beam at the start point or 
end point of a line pattern. 
[0044] 

Figure 8 is a block diagram showing a drawing 
apparatus of another embodiment of the present 
invention. This embodiment is obtained by 
incorporating beam diameter varying means into the 
embodiment shown in Figure 1. Therefore, a portion 
same as that in Figure 1 is provided with the same 
number and duplicate description is omitted. 
[0045] 

This embodiment is obtained by adding the beam 
diameter varying apparatus 107 and beam diameter 
varying control means 125 to the drawing apparatus 
shown in Figure 1 . The embodiment is constituted so as 
to control the beam diameter of a forming beam 7a to W 
and output the forming beam 7a from the beam diameter 
varying apparatus 107 when the beam 7a passes through 
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the beam diameter varying apparatus 107, then change a 
forming beam 7b to a forming beam 8 by bending the beam 
7b to the lower portion of Z axis in Figure 1 by a 
mirror 108, and moreover change the beam 7b to a 
circular polarization bean 9 after passing through the 
polarized beam splitter 109 and 1/4 wavelength plate 
110. The circular polarization beam 9 generates a 
micro-spot beam 10 by entering the objective lens 111 
and is applied to the surface of the workpiece 113 
generating the micro -spot beam 10. When assuming the 
beam diameter of the micro-spot beam 10 on the surface 
of the workpiece 113 as w 0 , a relation shown in the 
following expression (2) is effected between the beam 
diameter w 0 and the beam diameter W of the forming beam 
7b. 

[0046] 

[Numerical Expression 2] 

wo = Xf /pxl/W ... (2) 

A: Wavelength of forming beam 

f: Focal distance of objective lens 
[0047] 

Therefore, by changing the beam diameter W of the 
forming beam 7b by the beam diameter varying apparatus 
107, it is possible to change the beam diameter w 0 of 
the micro-spot beam 10. 
[0048] 
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Details of the beam diameter varying apparatus 107 
are described below by referring to Figure 9 . As shown 
in Figure 9, the beam diameter varying apparatus 107 is 
constituted of, for example, driving means 107d such as 
a DC servomotor or stepping motor, rotation value 
detecting means 107i such as an encoder, driving 
transfer means 107c such as a toothed-belt transfer 
factor, rotating shaft 107b in which lenses 107f and 
107g are built, and fixed shaft 107a in which a lens 
107e is built. 
[0049] 

In the case of the beam diameter varying apparatus 
107 having the above configuration, the rotational 
motion generated by the driving means 107d is 
transferred to the rotating shaft 107b through the 
driving transfer means 107c. The torque transferred to 
the rotating shaft 107b is converted into linear motion 
by the rotation-straight-line converting means 107h 
such as a cam factor set to the lenses 107f and 107g 
and thereby, the lenses 107f and 10 7g independently 
perform a linear motion. As a result, it is possible 
to change a relative positional relation between the 
lenses 107e, 107f , and 107g. 
[0050] 

Moreover, converting means 107h is designed so 
that the beam diameter W of the forming beam 7b to be 
emitted changes inversely proportionally to a rotation 
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angle 0 of the driving means 107d. Therefore, because 
w 0 is inversely proportional to W from the relation 
shown in expression (2), the rotation angle 9 is 
proportional to the beam diameter w<> and it is possible 
to easily control the beam diameter w 0 by using the 
rotation angle 0. 
[0051] 

The rotation value detecting means 107i detects 
the rotation angle 0 and outputs a rotation angle 
signal 31 to the beam diameter varying control means 
125. The beam diameter varying control means 125 
estimates the beam diameter w 0 from the proportional 
relation between the rotation angle 0 and the beam 
diameter w 0 in accordance with the rotation angle 
signal 31. Moreover, the beam diameter varying control 
means 125 computes the central intensity I 0 of the 
micro- spot beam 10 from the estimated beam diameter w 0 
in accordance with the following expression (3) by 
assuming that the cross-section intensity distribution 
of the micro- spot beam 10 forms a Gaussian distribution. 
[0052] 

[Numerical Expression 3] 

I 0 = 2P/pxl/w 0 2 ... (3) 

P: Total intensity of forming beam 
[0053] 

Moreover, the beam diameter varying control means 
125 outputs an intensity correction signal 32 in which 
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the central intensity I 0 of a beam is not changed but 
it becomes constant even if the beam diameter w 0 is 
changed to the intensity instruction output means 124. 
[0054] 

The intensity instruction output means 124 adjusts 
the total intensity of the micro-spot beam 10 in 
accordance with the input intensity correction signal 
32. Therefore, even if the beam diameter w 0 is changed, 
it is possible to keep the central intensity I 0 
constant . 
[0055] 

Thus , by changing the rotation angle 0 of the 
driving means 107d in the beam diameter varying 
apparatus 107, the beam diameter w 0 on the surface of 
the workpiece 113 is changed proportionally to the 
rotation angle 0. Therefore, it is possible to change 
the forming width of a line pattern formed on the 
surface of the workpiece 113. 
[0056] 

[Advantages of the Invention] 

As described above by using embodiments , the 
following advantages can be obtained by using a drawing 
apparatus of the present invention. 
[0057] 

(1) Because a drawing apparatus of the present 
invention is constituted so as to form a line pattern 
by fixing the position of a forming beam and moving 
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moving means mounting the workpiece, a line width is 
not changed due to increase of a deflection angle which 
becomes a problem in an electronic beam drawing 
apparatus . 
[0058] 

(2) Because a drawing apparatus of the present 
invention is provided with control means controlling 
moving means at a large moving distance and a high 
accuracy by measuring an error between the absolute 
position of a workpiece measured by absolute position 
measuring means and a predetermined position, adding 
the error and a relative position signal measured by 
relative position measuring means, inputting the signal 
to coarse moving means and moreover inputting the error 
to a fine moving means, it is unnecessary to connect 
drawing fields like the case of an electronic beam 
drawing apparatus and it is possible to draw a high- 
accuracy line pattern in a large area. 

[0059] 

(3) Because a drawing apparatus of the present 
invention is provided with autofocus means for keeping 
the focus position of a forming beam to be applied to 
the workpiece at the surface position of the workpiece, 
it is possible to correct a focus shift due to the 
waviness of the surface of the workpiece or the 
straightness of moving means and draw a line pattern 
having a constant width. 
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[0060] 

(4) Because a drawing apparatus of the present 
invention adjusts the intensity of a forming beam in 
accordance with the moving speed of the moving means 
provided with intensity change modulating means, it is 
possible to form a high-accuracy line pattern with no 
line width change. 

[0061] 

(5) Because a drawing apparatus of the present 
invention is provided with a beam diameter varying 
apparatus and can control the line width of a line 
pattern drawn on the surface of the workpiece to a 
predetermined thickness, it is possible to easily form 
a linear line pattern whose line width gradually 
changes, decrease the drawing time of a large-area 
smearing pattern by using a thick forming beam, and 
realize efficient drawing. 

[0062] 

( 6 ) Because a drawing apparatus of the present 
invention can avoid formation in a vacuum sate in which 
a trouble occurs in an electronic beam drawing 
apparatus and a vacuum system is unnecessary by using a 
laser as a forming light source, it is possible to 
provide an inexpensive drawing apparatus . 

[Brief Description of the Drawings] 
[Figure 1] 



- 25 - 



JPA08-203810 



Figure 1 is a block diagram showing a drawing 
apparatus of an embodiment of the present invention; 
[Figure 2] 

Figure 2 is a block diagram showing control means 
and its relevant portions of the drawing apparatus 
shown in Figure 1 by extracting them; 
[ Figure 3 ] 

Figure 3 is a block diagram showing autofocus 
means and its relevant portions of the drawing 
apparatus shown in Figure 1 by extracting them; 
[Figure 4] 

Figure 4 is an illustration conceptually showing 
the sectional form of a forming beam on a photoelectric 
surface (A- A cross section) of a tetrameric 
photodetector of the autofocus means shown in Figure 3; 
[Figure 5] 

Figure 5 is a characteristic diagram of an 
autofocus signal of the autofocus means shown in Figure 
3; 

[Figure 6] 

Figure 6 is a circuit diagram showing a focus 
shift computing circuit for computing a focus shift 
value in the autofocus means shown in Figure 3 in 
detail; 
[Figure 7] 
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Figure 7 is a block diagram showing intensity 
modulating means and its relevant portions of the 
drawing apparatus shown in Figure 1 by extracting them; 
[Figure 8] 

Figure 8 is a block diagram showing a drawing 
apparatus of another embodiment of the present 
invent ion ; and 
[Figure 9] 

Figure 9 is a detailed block diagram of the beam 
diameter varying apparatus in Figure 8. 
[Description of Symbols] 

101 Forming light source 

102 Intensity modulator 

103 Beam sampler 

104 Photodetector 

105 Comparator 

106 1/2 wavelength plate 

107 Beam diameter varying apparatus 
107a Fixed shaft 

107b Rotating shaft 

107c Drawing transfer means 

107d Driving means 

107e Lens 

107f Lens 

107g Lens 

107h Rotation-straight-line converting means 
107i Rotation value detecting means 
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108 Mirror 

109 Polarized beam splitter 

110 1/4 wavelength plate 

111 Objective lens 

112 Objective lens drive 

113 Workpiece 

114a Fine moving means 
114b Coarse moving means 

115 Reference mirror 

116 Relative position measuring means 

117 Absolute position measuring means 

118 Control means 
119a Convex lens 
119b Cylindrical lens 

120 Tetrameric photodetector 

121 Focus shift computing circuit 

122 Amplifier 

123 Reference signal generator 

124 Intensity instruction output means 

125 Beam diameter varying control means 



- 28 - 



_{. 7 ) 



10 1 
10 2 
10 3 
10 4 
10 5 
10 6 
10 7 
10 7a 
10 7b 
10 7c 
1 0 7 d 
1 0 7 e 
1 0 7 f 
1 0 7 g 
1 0 7 h 
1 0 7 i 
10 8 



ii 



^ l — # — 
l/2S[ft« 



I - 2. 0 ,3.8.1.0. _ 



109 



1 ioi f ~^- H 102 



imi ] 



104 



2 

Y(j) fc-X 




r 7 «> 



10 



12 



1/4 «g« 

tan® 



110 

ill 

112 
113 
114a 

114b mmm^fk 
1 1 5 mm*.?- 
1 1 6 ftKGLwmfe&m 

1 1 7 mtttiLmmm^fk 

1 1 8 fiH^S 
119a fll^vX 

ii9b ntsru-vx 

1 20 4^857* hT'^^^iJr 

12 1 Jg,£-f tUfcSllHlBS 
1 2 2 tgiHSg 

12 3 
12 4 
12 5 




18 JH 11« 



^1 



IB4] 




ims] 







L • 1 














Motive Jt$p, 



r>e4~l_ 



17] 



103 




104 



..flMWjB - 



2 0.3 8.1. O 



[06] 




103 v 106 



7b 



2 

fc-X 




(51) Int. CI. 8 

G 0 3 F 9/02 



H 



(72)$S9J# St* 



F I 



H 0 1 L 21/30 



5 4 1 Q 



